The present work investigated the efficiency of 0.9% saline solution and Phosphate Buffered Saline (PBS) in the preservation of goat preantral follicles in situ at different temperatures and incubation times. The ovarian pair of each animal was divided into 19 fragments. One ovarian fragment was taken randomly and fixed (control). The other 18 fragments were randomly distributed in tubes containing 0.9% saline solution or PBS at 4, 20 or 39 º C for 4, 12 or 24 h. A total of 5,921 preantral follicles were examined. The quality of preantral follicles was evaluated by classical histology. The storage of ovarian fragments in 0.9% saline solution or PBS at 4 ºC did not reduce significantly the percentage of morphologically normal follicles when compared with the control, except after preservation in 0.9% saline solution for 24 h. The storage of ovarian fragments at 20 or 39°C reduced the percentage of normal preantral follicles when compared to the control, except after preservation in PBS at 20°C for 4 h. In conclusion, this study showed for the first time that goat preantral follicles can be stored in situ successfully at 4 ºC in 0.9% saline solution for 12 h and in PBS for 24 h, and at 20 ºC in PBS for 4 h.
Effect of 0.9% saline solution and phosphate buffer saline at different temperatures and incubation times on the morphology of goat preantral follicles
Efeito da solução salina 0,9% e tampão fosfato salina em diferentes temperaturas e tempos de incubação sobre a morfologia de folículos pré-antrais caprinos INTRODUCTION A t birth, a large population of follicles constitutes the mammalian ovary. However, the great majority of these follicles do not reach ovulation, but rather die by the atresia during their growth and maturation, resulting in few viable oocytes produced during the reproductive lifespan of the female (4) . A new biotechnique called Manipulation of Oocytes Enclosed in Preantral Follicles has been developed to save preantral follicles from the ovaries before becoming atretic and culture them in vitro up to maturation stages by preventing follicular atresia (10) .
A limiting factor for farm animals for the success of this biotechnique would be the quality of preantral follicles after removal and during transportation of the ovaries, since the ovarian donor of preantral follicles for in vitro studies is commonly far from reproduction laboratories. Thus, the preservation of preantral follicles in situ during transportation to laboratories is very important when using preantral follicles in protocols of cryopreservation and/or in vitro culture.
The 0.9% saline solution is used as a preservation medium for complex-oocyte-cumulus (COC) transport from cow (21), llama (6) and sow (26) . The PBS (Phosphate Buffer Saline) is largely used for transportation of embryos from sheep (22) , cows (19) , mice (20) , sows (25) and rabbits (23) as well as for COC transport from cows (17) , sows (18) and cats (15) . However, the effect of both solutions on the preservation of goat preantral follicles enclosed in ovarian tissue is unknown.
This study was carried out to evaluate the effect of 0.9% saline solution and PBS on the morphology of goat preantral follicles in situ, at different temperatures and for different preservation periods, with a long-term perspective of harvesting oocytes from the preantral follicle pool. 
MATERIAL AND METHOD

Source of ovaries
Ovaries (n=10) from 5 adult mixed breed goats were collected at a local slaughterhouse. The ovaries were stripped of surrounding fat tissue and ligaments, washed
RESULTS
Qualitative analysis of goat preantral follicles in the control and after in situ storage
In this study, a total of 5,921 preantral follicles were analyzed. Figure 2 shows the percentage of normal preantral follicles stored in 0.9% saline solution and in PBS. The percentage of normal follicles after storage at 4 o C in 0.9% saline solution for 12 h or in PBS for 24 h was not affected when compared to the Control -Time zero (P>0.05). In contrast, storage of preantral follicles at 20 and 39 ºC in both solutions, at all incubation times tested, decreased (P<0.05) the follicular viability when compared with controls (P<0.05), except when the preservation was performed in PBS, at 20 o C for 4 h (P>0.05). There was no effect of incubation time on the percentage of morphologically normal preantral follicles on the preservation of follicles in PBS at With regard the effect of temperature at the same incubation time, the results showed that for the saline solution there was an effect (P<0.05) of temperature on the percentage of morphologically normal preantral follicles at all times tested, with a progressive reduction in the percentage of morphologically normal follicles with the increase of temperature from 4 to 39 ºC . Similar results were obtained for the PBS except for the storage time of 4 h, at which the temperature of 20 ºC did not decrease follicular viability when compared with storage at 4 ºC.
Comparisons were made between saline solution and PBS at the same temperature and incubation time. Although no significant difference in the percentage of normal preantral follicles between these solutions was detected at 4 ºC for 12h, a greater (P<0.05) percentage of morphologically normal follicles was observed in PBS for all incubation times tested at 4 ºC for 24 h, 20 ºC for 4 and in 70% alcohol, then twice in 0.9% saline solution and processed as described bellow.
Experimental protocol
In the slaughterhouse, the ovarian pair from each animals was divided into 19 fragments of approximately 9 mm 3 consisting of the complete ovarian cortex of the two ovaries. Then, one ovarian fragment was taken randomly and immediately fixed for histology (control -time zero). The other 18 ovarian fragments were randomly distributed into tubes containing 2 mL of 0.9% saline solution or PBS at 4, 20 or 39 o C and stored for 4, 12 or 24 h. The temperatures were maintained using thermoflasks filled with water at 4, 20 and 39 o C. For each treatment, variables such as temperature, osmosis (micro-osmometer Type 13/ 13 PR-Autocal, Roebling, Berlin) and pH (pH-meter PM608, Analion, SP, Brazil) of the solutions were monitored at the beginning and at the end of the treatments. Each treatment was repeated five times.
Qualitative analysis of goat preantral follicles enclosed in ovarian tissue
At the end of the treatments the ovarian fragments were processed as follows to evaluate the morphology of the goat preantral follicles enclosed in small fragments of ovarian tissue. The ovarian fragments from each treatment, including the control, were fixed individually in Carnoy for 12 h. Subsequently, the ovarian fragments were dehydrated in a graded series of ethanol, clarified with xylol and embedded in paraffin wax. The tissue was sectioned serially at a thickness of 7 mm, and every 5 th section was stained using standard protocols with PAS-Hematoxilyn. Sections were examined by light microscopy (Leica) and the preantral follicles were counted and evaluated in the section where the nucleus of the oocyte was visible.
Preantral follicles were evaluated based on the integrity of the basement membrane, presence or absence of pycnotic bodies and integrity of the oocyte. Based on these parameters, preantral follicles were classified as morphologically normal (containing a healthy oocyte and well organized granular cells; Fig. 1A ), degenerated type 1 follicles (containing an oocyte with pycnotic nuclei and, sometimes had a retracted oocyte, but normal granular cells; Fig. 1B ) and degenerated type 2 follicles (containing a shrunken oocyte with pycnotic nuclei and disorganized granular cells; Fig. 1C ). These three classifications were assigned on a basis of atresia observed in the control and/ or combined with changes that occurred as a result of storage. Criteria for granular cells and oocyte degeneration were identified using ovaries fixed at time zero (control).
Statistical analysis
All data were submitted to ANOVA using a factorial design (media effects, time, temperature and interactions between factors). The data were transformed in ((x+1) 3 ). The means were compared by the Tukey test. For each treatment, the data of normal degenerated preantral follicle from five ovarian fragments were pooled. The effect of the medium, temperatures and preservation time on the percentage of morphologically normal preantral follicles in relation to the control was analyzed by a Chi-square test. The mean pH values between the control and other treatments were compared using the Fisher PLSD test (Stat View for Macintosh). Values were considered statistically significant when P < 0.05. 12 h, and at 39 ºC for 4 h. Fig. 3 shows the distribution of degenerated type 1 and 2 preantral follicles in the control and after storage in the different treatments, in 0.9% saline solution (Fig. 3A) and in PBS (Fig. 3B ). There was a predominance (P<0.05) of type 1 degeneration in the fragments stored in both solutions at 4 ºC, at all incubation times, and at 20 ºC in PBS for 4 h. In contrast, at 39 ºC a predominance (P<0. 
Distribution of follicular degeneration type in the control and after incubation
05) of degenerated type 2 follicles was observed, except in the fragments stored in PBS for 4 h. Compared with the controls, a greater (P<0.05) percentage of degenerated type 1 follicles was observed at 20 ºC in saline solution and PBS for 12 and 24 h. A greater (P<0.05) percentage of degenerated type 2 follicles compared with controls was observed in follicles kept in saline solution at 4 ºC after 24 h, and 20 and 39 ºC at all incubation times and in PBS at 20 and 39 º C at all incubation times.
DISCUSSION
The present study shows that goat preantral follicles can be stored successfully in situ for a long time in saline solution or PBS at low temperature.
These results may be due to the fact that this temperature provided lower rates of cellular metabolism, consequently minimizing the metabolic need and, thus, increasing the resistance of follicles to the absence of nutrients and oxygen. The oxygen consumption required for energy production can be substantially reduced by means of hypothermia. Studies involving goat preantral follicle storage in vitro are not currently available. However, cat oocytes from antral follicles stored for 24 h at 4 o C are capable of reaching metaphase II and produce blastocysts after in vitro fertilization 27 . The temperature of 4 o C has been successfully used in the preservation of domestic cat ovaries for 48 h 28 and cow ovaries for 24 h for blastocyst production in vitro 24 . On the other hand, Yang et al. 29 reported that the storage of bovine ovaries at 4 o C for 24 h resulted in a very low cleavage rate and blastocyst percentage. This may be due to the distinct preservation methodology used by these authors.
This study shows that when the preantral follicles were stored in 0.9% saline solution at C and 25 o C, did not show reduced capacity to develop to blastocysts 29, 21 . However, Azambuja et al. 2 reported that the fertilization, cleavage and embryonic development rates are higher in oocytes maintained at 39 o C in comparison to those cooled at 20 o C or 10 o C. Under our conditions, the higher degeneration rates were observed at 39°C, which were associated with a decrease and increase in pH and osmosis, respectively, in relation to the fresh media. This might be due to the fact that increasing cellular metabolism has accelerated the consumption of media nutrients, as well as exceeding the buffering power of PBS. The resulting drop in pH could have caused cellular injuries, with the release of intracellular contents and a consequent increase in osmosis.
In spite of the fact that the saline solution exhibited a comparable efficiency for the storage of goat preantral follicles at 4 ºC for 12 h, the percentage of morphologically normal follicles was significantly greater in the PBS. The 0.9% saline solution is easier to obtain, to prepare and is cheaper, but has a poor composition. The PBS is a buffer solution, and is rich in nutrients. According Eppig 8 , pyruvate, one of the compounds of PBS, can supply the energy required in the earliest stages of oocyte growth, maturation and cleaving eggs. In our preservation conditions, the preantral follicles had two nutrient sources, i.e., their own energetic sources and the nutrients from the preservation medium. Thus we can suggest that the goat preantral follicles were able to survive with their own energetic sources at 4 o C for 12 h, since the media showed similar effectiveness in the preservation of preantral follicles enclosed in ovarian tissue. However, with the increase of incubation time and temperature, media composition became a very important factor for the maintenance of follicular viability. The good results obtained with PBS are probably due to the composition of this medium. However, the use of a richer medium is very important for maintenance of the viability of preantral follicles stored at higher temperatures and for a longer period.
In the histological analysis, a classical method in the detection of follicular atresia 1, 5, 11, 13 , there was a predominance of degenerated type 1 preantral follicles in the control (time zero) as well as in the fragments stored at 4 o C, at all incubation times, in both solutions, and at 20 o C in 0.9% saline solution for 12 and 24 h or in PBS for 4 h. According to Wood et al. 28 , the first index of degeneration in preantral follicles is oocyte degeneration, whereas the first indicator in antral follicles is usually related to the granular cells. Similar results using fresh ovaries were obtained studying cow 9 , rat 12 , and goat preantral follicles 3, 16 . Wood et al. 28 obtained similar results after preservation of cat follicles in PBS for more than 48 h. According Driancourt & Thuel (7) the oocyte
CONCLUSIONS
In conclusion, this study showed that goat preantral follicles could be successfully preserved at 4 o C for 12 h in 0.9% saline solution and in PBS. However, with the increase of the incubation time and/or of the temperature, a richer medium such as PBS is recommended. The preservation of goat preantral follicles in situ during transport to specialized laboratories, under the conditions recommended in this paper, could be important in assuring good quality oocytes for use in culture and/or cryopreservation, enhancing the efficiency of animal reproduction in the future.
RESUMO
O presente trabalho investigou a eficiência da solução salina 0,9% e tampão fosfato salina (PBS) na conservação de folículos pré-antrais caprinos in situ a diferentes temperaturas e tempos de incubação. O par ovariano de cada animal foi dividido em 19 fragmentos. Um fragmento foi escolhido aleatoriamente e fixado (controle). Os outros 18 fragmentos foram distribuídos aleatoriamente em tubos contendo solução salina 0,9% ou PBS a 4, 20 ou 39 °C por 4, 12 ou 24 h. Um total de 5.921 folículos pré-antrais foram analisados. A qualidade dos folículos pré-antrais foi avaliada através de histologia clássica. A incubação de fragmentos ovarianos em solução salina 0,9% ou PBS a 4 ºC não reduziu significativamente a percentagem de folículos morfologicamente normais quando comparados com o controle, exceto após a conservação em solução salina 0,9% por 24 h. A incubação de fragmentos ovarianos a 20 ou 39°C reduziu a percentagem de folículos pré-antrais normais quando comparados com o controle, exceto após conservação em PBS a 20°C por 4 h. Em conclusão, este estudo mostrou pela primeira vez que folículos pré-antrais caprinos podem ser conservados in situ com sucesso a 4 ºC em solução salina 0,9% por 12 h e em PBS por 24 h, e a 20 ºC em PBS por 4 h.
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is the first cell within the follicle to be affected by atresia, and whether oocyte atresia is related to oocyte defects or to an improper dialogue between the oocyte and its surrounding granular cells remains unclear. In contrast, in the treatments where the ovarian fragments were preserved at 39 o C in saline solution and in PBS, at all incubation times (except in PBS for 4 h), type 2 degenerated follicles predominated, i.e., degeneration in both oocyte and granular cells. This indicates that the degeneration occurred to the same extent in the oocyte and in granular cells when follicles were preserved at higher temperatures for a long period. There was also great individual variation of the follicles, regarding sensitivity to undergo atresia, indicating resistance of some follicles to degeneration, because even at high temperatures for long periods, a small number of follicles remained morphologically normal.
